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Abstract: Adolescent obesity can be defined using various age- and sex-specific growth 
charts. In addition to general obesity, central adiposity is also crucially important. This paper 
aims to study the efficacy of central adiposity with general obesity using different growth 
charts recommendations. A cross-sectional study was conducted among school-age children in 
Mumbai. Anthropometric data were obtained from 1349 adolescents aged 9–15 years. Growth 
charts of Indian Academy of Pediatrics (IAP), International Obesity Task Force (IOTF), and 
World Health Organization (WHO) were used to classify overweight and obese status among 
each of the participants. Central obesity indices such as the waist circumference (WC), the 
waist to height ratio (WHtR), and the waist to hip ratio (WHR) were calculated. The efficacy of 
each of central obesity indices was checked with overweight and obesity status. The receivers 
operating characteristics curves were drawn to check the efficacy of central obesity indices. 
According to IAP, IOTF, and WHO chart, the prevalence rates of overweight and obese among 
the sampled adolescents were 35.9%, 27.0%, and 25.0%, respectively, while, 26.5%, 26.3%, 
and 31% were found to be centrally obese as per WC, WHtR, and WHR, respectively. The 
values of area under curve for WC and WHtR were found between 0.857 and 0.942 for all three 
methods, while the corresponding values were between 0.611 and 0.689, indicating that WHR 
is a less robust indicator. We conclude that the central obesity status appears to be an efficient 
measure to identify the general obesity status irrespective of growth chart recommendations. 
WHtR and WC are found to be more robust indicators of general obesity.
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1. Introduction
Childhood obesity has become one of the alarming public health concerns in 21st century. 
The severity of this issue is widespread across the globe, steadily affecting not only 
high-income countries but also low- and lower middle-income countries (World Health 
Organization [WHO], 2016). Overweight and obese children are likely to stay obese into 
their adulthood and more likely to develop non-communicable diseases such as diabetes 
and cardiovascular diseases at a younger age (WHO, 2016). Abdominal obesity is one of 
the strong predictors of high blood pressure, cardiovascular, and metabolic risk factors 
(Goran and Gower, 1999; Casonatto, Ohara, Giuliano, et al., 2011; Jagadesan, Harish, 
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Miranda, et al., 2014; Patil, Shejul, Bhandarkar, et al., 2018). Similarly, general and abdominal fat measures are also 
associated with cardiovascular risk factors, independent of body mass index (BMI) (Gishti, Gaillard, Durmus, et al., 2015). 
BMI does not distinguish lean mass from fat mass; furthermore, it significantly underestimates adiposity. Prevention of 
obesity in early life may be important to reduce the risk of coronary heart disease in later life (Lurbe, Alvarez, Liao, et 
al., 1998). Subcutaneous and visceral adipose tissue (VAT) are correlated with metabolic risk factors, while VAT remains 
strongly associated with an adverse metabolic risk profile (Pou, Massaro, Hoffmann, et al., 2007).
India with 19.6% adolescent population is one of the youngest nations in the world (Office of the Registrar General 
and Census Commissioner, 2011). Obesity status has been evidenced to be influenced by rapid changes in lifestyle and 
diet (Goyal, Shah, Saboo, et al., 2014). Obesity and overweight status of any child in India are revealed using the BMI 
percentile chart. BMI requires a calculation of anthropometric measures. In busy clinics, it is often difficult to assess 
obesity status using BMI percentile charts because for every adolescent referring age-sex specific percentile table and 
decide the cutoff points is quite difficult and time-consuming (August, Caprio, Fennoy, et al., 2008). As a result, a 
simple calculation of physical growth parameters, representative of general obesity may of immense importance and 
interest to the practitioners and researchers. Considering variability in general adiposity, regional as well as global growth 
charts are available (World Health Organization, 2009; de Onis, and Lobstein, 2010; Khadilkar and Khadilkar, 2015). 
Adiposity depends on an anthropometric indicator, a reference population and cutoff points that best identify individuals 
as overweight/obese (Shah and Braverman, 2012). Further, central adiposity indices are related to general adiposity. 
Important indicators of central adiposity include waist circumference (WC), waist to height ratio (WHtR), and waist-to-
hip ratio (WHR) (Nyamdorj, Qiao, Lam, et al., 2008).
In sum, because adolescent obesity and adiposity are associated with various cardiometabolic risk factors (Weiss, 
Dziura, Burgert, et al., 2004; Jagadesan, Harish, Miranda, et al., 2014; Patil, Shejul, Bhandarkar, et al., 2018; Pillai, 
2018) and because the early prevention of childhood obesity could reduce morbidity and mortality in adulthood and 
further reduce global socioeconomic burden of cardiovascular disease and Type II diabetes (Zimmet, Alberti, Kaufman, 
et al., 2007), studying obesity and adiposity among school-age children has a far-reaching significance. It is important to 
validate the available methods of obesity estimation in accessing the adolescent obesity status in busy clinics. With the 
use of junk food, sugar additive drinks, and restricted outdoor activities, Indian urban kids are most vulnerable to lifestyle 
and obesity-related disease, which makes the high levels of the prevalence of obesity among adolescents (Yadav, Yadav, 
Gautam, et al., 2015). By 2025 India with more than 17 million obese children will stand second in the world (Sen, 2013). 
Many studies have discussed adolescent obesity in numerous sets of populations and with the basis of growth estimation 
using regional, national, and international registry standards, yet studies focusing on the city of Mumbai are rare. As one 
of the most populous cities in the world (United Nations, 2018), Mumbai not only comprises the representative population 
of India but also has its unique value for studying obesity of adolescents. This study aims to check the relationship 
between BMI and central adiposity among the adolescent population. Specifically, we aim to estimate the general obesity 
for school-age children in Mumbai using Indian Academy of Pediatrics (IAP), International Obesity Task Force (IOTF), 
and the World Health Organization (WHO) growth charts and also to evaluate the central adiposity.
2. Data and Methods
The study is based on a cross-sectional survey conducted at five schools in Mumbai from December 2016 to June 2017. 
Data were collected by trained medical professionals at Atomic Energy Central Schools (AECS) in Mumbai. One division 
from each standard across all the schools was randomly selected. All the healthy adolescents aged 9-15 years were 
included, while those who were having a known case of chronic illness and were not able to stand erect at the time of the 
survey were excluded from this study.
Selected adolescents were interviewed, and their anthropometry measurements such as height, weight, and waist and 
hip circumference were taken. Standard equipment and procedures were followed in measurements. On digital scale 
weight were measured after calibration to zero and with the least count of 0.1 kg. Similarly, for height wall-mounted 
stadiometer (Ishnee Stature Meter) was used for least count of 0.1 cm. While measuring the height of children, it is 
ensured that children were standing upright, barefoot on ground with heels, buttocks, upper back and head making firm 
contact with the wall, chin tucked-in slightly and the head held erect. Waist was measured at mid-point of the lower border 
of tenth rib and the superior border of the iliac crest. Hip circumference measured below the waist, where maximum 
reading was observed.
BMI was calculated as a ratio of weight in kilogram to the square of height in meter. Further, the adolescents in the 
study population were classified as overweight and obese according to the IAP (Khadilkar and Khadilkar, 2015), IOTF 
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(Cole, 2000), and WHO growth charts (World Health Organization, 2000).
To calculate central adiposity, the WC was used along with two indices, WHtR and WHR. In consistent with common 
practice in the existing literature, for WHtR, 0.5 was used as a universal cutoff to identify centrally obese, and WHR 
cutoff for boys and girls were 0.90 and 0.85, respectively (World Health Organization, 1999; Chung, Park, Park, et al., 
2016). WC was categorized using age-and sex-specific percentile. WC between the 75th and 90th percentiles was classified 
as centrally overweight while above the 90th percentile as a centrally obese (Weiss, Dziura, Burgert, et al., 2004; Zimmet, 
Alberti, Kaufman, et al., 2007; Lee, Davis, Woolford, et al., 2009; Khadilkar, Ekbote, Chiplonkar, et al., 2014).
Data were analyzed using Microsoft Excel 2013 and R Studio for Windows (version 3.5). Descriptive statistic across 
study variables was presented as frequency as well as percentage. p <0.05 was considered as statistically significant. Receiver 
operating characteristics (ROC) curves were drawn among IAP, IOTF, and WHO charts with central adiposity indices WHtR, 
WHR, and WC. Values of the corresponding area under the curve (AUC) from ROC were used to draw an inference.
2.1. Consent
An informed consent was obtained from each of children participated in the survey.
3. Results
Among 1486 adolescents interviewed, 1349 with the valid records of all the variables under consideration were included 
for the study, with 702 (52%) boys and 647 (48%) girls [Table 1]. The proportion of overweight and obese was found as 
36% by IAP growth charts, 27 % by IOTF, and 25% by the WHO growth charts. Gender had no statistically significant 
difference in all categories (p >0.05) [Table 2].
The prevalence of central adiposity was 26%, and 31% by WC percentile, WHtR, and WHR, respectively. The age- and 
sex-specific WC percentile showed the centrally overweight as 15% and the centrally obese as 11%. For WC and WHtR, 
no statistically significant difference was found in both boys and girls (p > 0.05). However, there was a gender difference 
in WHR [Table 3].
In the ROC curve, the general adiposity shows a better efficacy for WC and WHtR but a poor efficacy for WHR 
[Figure 1]. WC and WHtR were found to be excellent indicators of adiposity as compared to WHR. The values of AUC 
for WC and WHtR were in the range of 0.857–0.927, while the corresponding values for WHR were in the range of 
0.610–0.675 for all three percentile charts referred [Table 4].
4. Discussion
The BMI percentile charts referred in the present study revealed that the prevalence rates of general obesity were in the 
range of 25%–35%, whereas the prevalence rates of central obesity were found in the range of 24%–31%. The higher 
values of AUC in the respective ROC curve indicate that WHtR and WC are robust indicators of adiposity in the present 
study population. According to the IAP growth chart, a relatively higher proportion of overweight and obese adolescents 
was found. However, a higher value of the proportion of centrally obese adolescents was found in WC. WHtR seemed to 
have the highest efficacy with the WHO growth charts (AUC = 0.927), whereas the poorest efficacy was seen for WHR 
associated with the IOTF growth chart (AUC = 0.610). The efficacy of WHtR and its usefulness in the identification of 
Table 1. Characteristics of the study population.
Variable Median (IQR)
Girls Boys
Age (Years) 12.0 (13.0–10.0) 12.0 (13.0–11.0)
Height (cm) 148.0 (154.5–141.0) 148.5 (160.0–139.0)
Weight (kg) 40.6 (48.9–33.4) 41.0 (51.1–32.0)
BMI (Kg/m2) 18.5 (21.5–16.1) 17.9 (21.1–15.9)
WC (cm) 67.0 (74.0–62.0) 67.0 (75.0–61.0)
WHR 0.83 (0.87–0.79) 0.85 (0.89–0.81)
WHtR 0.46 (0.50–0.43) 0.45 (0.50–0.42)
BMI: Body mass index, WC: Waist circumference, WHR: Waist-to-hip ratio, WHtR: Waist-to-height ratio.
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increased morbidity risk related to central obesity was discussed in various studies (Yoo, 2016). Our findings support to 
its robustness.
WHtR in present study appeared as a more predictive indicator than WC, which is consistent with the previous studies 
that found that WHtR is superior to BMI in predicting cardiometabolic risk (Šimundić, 2009; Yoo, 2016). In a similar 
Table 2. Prevalence of overweight and obesity based on IAP, IOTF, and WHO BMI growth charts.
Narration Normal‑weight (%) Over‑weight (%) Obesity (%)
IAP
Girl 406 (62.8) 138 (21.3) 103 (15.9)
Boy 459 (65.4) 145 (20.6) 98 (14.0)
IAP total 865 (64.1) 283 (21.0) 201 (14.9)
IOTF
Girl 471 (72.8) 111 (17.2) 65 (14.0)
Boy 514 (73.2) 114 (16.2) 74 (10.5)
IOTF total 985 (73.0) 225 (16.7) 139 (10.3)
WHO
Girl 495 (76.5) 86 (13.3) 66 (10.2)
Boy 517 (73.6) 88 (12.5) 97 (13.8)
WHO total 1012 (75.0) 174 (12.9) 163 (12.1)
IAP: Indian academy of pediatrics, IOTF: International obesity task force, WHO: World Health Organization.
Table 3. Central adiposity using WC, WHtR, and WHR.
Central adiposity Girls Boys Total (%)
Waist circumference (age- and sex-adjusted)
<75th percentile 473 518 991 (73)
75–90th percentile 97 106 203 (15)
90th percentile 77 78 155 (11)
WHtR
< 0.5 473 521 994 (74)
≥0.5 174 181 355 (26)
WHR
<0.85–girl, <0.90–boy 375 558 933 (69)
≥0.85–girl, ≥0.90–boy 272 144 416 (31)
WC: Waist circumference, WHR: Waist-to-hip ratio, WHtR: Waist-to-height ratio.
Table 4. Values of the AUC in ROC curve for the efficacy evaluation of central adiposity by IAP, IOTF, and WHO reference tables.
Narration WC WHtR WHR
IAP 0.908 0.925 0.644
IOTF 0.857 0.869 0.610
WHO 0.891 0.927 0.675
AUC: Area under curve, ROC: Receiver operating characteristics, IAP: Indian academy of pediatrics, IOTF: International obesity task force, WHO: World Health 
Organization, WC: Waist circumference.
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study on Nigerian adolescents, WC also performed better than WHR (Okafor, Ofoegbu, Fasanmade, et al., 2011). The WC 
percentile might be an interesting tool to calculate central adiposity because it is the most widely accepted method; it is 
also noninvasive and easy to use. For children and adolescents, age-sex-specific separate cutoffs are required to measure 
obesity and adiposity due to their physiologically changing body shape.
Among three indices of central obesity, WHtR, and WC appeared useful to identify high central obesity, while WHR 
failed to highlight. Visceral adiposity carries a high metabolic risk compared to general adiposity. BMI cannot specify 
about central obesity; hence, specific indices such as WHtR and WC were found a representative in the study population. 
Furthermore, central obesity indicators are relatively easy to use during busy clinics in the Indian as well as in low- and 
middle-income countries setups.
The findings of this present study add weight to the consideration of the central adiposity irrespective of children’s 
gender or age group. It could be simply mentioned as “keep your WC to less than half your height” (McCarthy 
and Ashwell, 2006). Simply, by considering the WHtR and WC indices for general obesity status is possible to be 
predicted. Public health message should be propagated toward the prevention of obesity throughout childhood and 
adolescence.
When interpreting the results, the following limitations should be taken into account. First, the present study is based 
on children belonging to urban middle-class communities. They may not be representative of the entire city of Mumbai. 
Variability across school types such as rural and urban-slum would have different results and would have added values 
to such research. More research based on samples of a representative of entire schools in Mumbai or entire India urban 
areas is clearly warranted to have a fuller spectrum of our understanding the validity of WHtR and WC in school-age 
Figure 1. Receiver operating characteristic curve for the waist circumference, the waist-to-hip ratio, and the waist-to-height ratio for 
Indian academy of pediatrics, International obesity task force, and World Health Organization growth charts.
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adolescents. Second, as there have been no other similar surveys in Mumbai to compare with, whether the prevalence of 
central obesity truly represents this population are unknown.
In our study, 89% of obese adolescents were found to be centrally obese. A Bangladesh study in Dhaka area reported a 
prevalence of 54% central obesity among adolescent girls (Zabeen, Tayyeb, Naz, et al., 2015). The reason why our study 
has a much higher prevalence of central obesity is unknown. This may be due to sampling bias of the population or maybe 
due to the accuracy of measurement and data quality. More research is needed to compare the possible causes. Third, we 
did not perform advanced analysis to take different covariates into account. More research projects have been put forward, 
and we will release more robust findings.
5. Conclusions
The present study documents the efficacy of central obesity indicators with general obesity in adolescents. WC and WHtR 
appear to be more robust indicators of general obesity and they can be used to determine the obesity status of adolescents.
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